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EXECUTIVE SUMMARY

The Altarum Institute, under contract to the MidmgDepartment of Transportation (MDOT),
currently is engaged in a project called the “AltarRestricted Use Technology Study.” This
study, an 18-month effort, seeks to apply restiictgee technology to the mandates of MDOT.
The major phases of this project are illustratedigure 1.

Under Deliverable 2.1 of the Work Plan governing itarum Restricted Use Technology
Study, the Altarum project team is required to pi@@lan unclassified summary and
comprehensive written report of Electro-Optical [|EB@stems that can potentially address
transportation problems. This report presentduhdamental concepts of remote sensing,
reviews the categories of civil, commercial anditany sensors with their platforms, and
discusses potential application areas of EO systleatl in general and those specific to
transportation. Together with its companion reporRADAR systems (Deliverable 1.1), this
report will provide transportation experts with@rerview of current resources and a foundation
of potential applications.

Figure 1: Task Dependency within the Restricted Us@echnology Study
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EO sensing technologies have matured greatly duinedpst three decades. Major
improvements include the transition from film tgital sensors, increased spectral coverage and
resolution, the availability of high spatial residdin data from commercial satellites, LIDAR,

and robust computer processing systems. EO systay$e divided into several major groups,
including:

» High resolution panchromatic or multispectral seaso
* Moderate resolution multispectral

* Environmental synoptic sensors

* Hyperspectral

* LIDAR

* Thermal infrared
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These sensors are found on a wide range of plasforatuding earth-orbiting satellites, manned
aircraft, and unmanned aerial vehicles (UAVS).

EO sensors have been used for decades for sumegi)lanvironmental research and monitoring,
and mapping of cultural features. As discussedtlisireport, EO systems have great potential
for addressing transportation issues in areas of:

* Asset Management

* Environmental Applications

* Inter- and Multi-modal Applications
» HAZMAT Shipments

» Traffic Congestion and Safety

» Border Crossings

* Homeland Security

e ITS and Operations

The Altarum team has completed this task, thoughreport will evolve by updates and
revisions as the project progresses. The infoomatiscussed in this report will support the
follow-on task of generating simulated EO data wailbprovide background information for the
focus group sessions anticipated to be held ity 2806.
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INTRODUCTION TO ELECTRO-OPTICAL SENSORS

The collection of remote sensing data began iri #fecentury when cameras were first used to
take aerial photographs from hot-air balloons. rEt®ugh the results were primitive by modern
standards, these early pictures demonstrated teatp of remote sensing for mapping and
surveillance activities.

Today, electronic sensors have largely replacedoginaphic film for capturing energy from the
electromagnetic (EM) spectrum. These “electroaghtfEO) sensors” can collect a wealth of
detailed information, both in visible and non-visitight, with great spatial and spectral detail.

Sensors may be mounted on a variety of supportatéppms, including earth-orbiting satellites,
manned aircraft, or unmanned aerial vehicles (UAVEArth orbiting satellites provide stable
platforms that can provide frequent repeat covesd@ecost comparable to airborne missions or
less. Due to their high altitude, “distortions”thre imagery due to terrain effects are minimized.
Airborne sensors, whether in manned aircraft or JANave the advantage of being able to
provide higher spatial resolution data and canustornized to a particular mission. Aircraft can
be deployed at any time and are ideal platformsdtecting real time data. At this time, UAVs
do not have a cost advantage over manned aircrdftreere are substantial FAA safety issues
involved in their operations, however they may hswme potential uses for transportation, as
will be discussed later

Spectral Range. EO sensors are designed to be sensitive to gpseitions of the EM
spectrum (see Figure 2), particularly from visiM@velengths through thermal infrared. The
primary spectral regions sampled by EO sensorpraseded in Table 1.

Figure 2: The Electromagnetic Spectrum
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Table 1: Wavelength Ranges of Spectral Regions

Spectral Region Wavelength Range (hm)
Visible blue 400 - 500
Visible green 500 - 600
Visible red 600 — 700
Near infrared (NIR) 700 - 1,000
Shortwave infrared (SWIR) 1,000 - 3,000
Midwave infrared (MIR) 3,000 - 6,000
Thermal infrared (TIR) 6,000 — 14,000

EO sensors may be categorizegbaschromatic, multispectral, or hyperspectral, based on the
number of bands or channels that they use to savapieus slices of the EM spectrum.
Panchromatic (or “pan”) sensors have one broadreHaasponsive to visible light and often to
NIR. This is analogous to a black and white phapbic image. Because panchromatic sensors
encompass a broad, energetic part of the EM specthey are effective under dim illumination
or where great optical magnification is required.

Multispectral (MS) sensors divide the spectrum thi@e to 40 discrete bands or channels.
Multiple bands yield useful information on the camsfion of surfaces, based on their spectral
curves (see Figure 3). In a similar way, the hueyperceives the differential reflectance of
visible wavelengths as colors, however EO sensawre the advantage of seeing a much larger
portion of the EM spectrum.

Figure 3: Spectral Curves for Soil, Vegetation, andater. Landsat
ETM+ bands 2 (green), 3 (red), and 4 (NIR) are superimposed over the
grasslands spectral curve.
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Hyperspectral sensors (HS) represent a more addgmogression of multispectral technology

in which 100 to 200+ narrow-width spectral bands@llected. HS data yield much greater
detail in spectral curves, which helps discriminabgects with similar spectra (e.g., pine trees vs.
fir trees).
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LIDAR, an acronym foLIght Detection And Ranging, is an optical system similar to radar in
concept. LIDAR systems determine the distanceébjeats by measuring the time that it takes
for an emitted laser beam to travel to the targdtlzack to the instrument again. They can also
measure speed and rotation of objects. One ahtie applications of LIDAR is to generate
highly detailed topographic data, but it has alserbused effectively to measure atmospheric
pollutants and to study cloud physics.

Resolution. The term, resolution, is used in several contextisin the realm of remote sensing.
The four kinds of resolution include:

Spatial Resolution — the ability to distinguish telose objects. The term is often
used to describe the ground distance between ttterseof two adjacent pixels (i.e.,
Ground Sample Distance or GSD). It should be ntitaticontrast has a significant

impact on the ability to resolve  Figyre 4: Example of 1-m Pan Ikonos
small objects (see Figure 4).  jmagery. Ten-centimeter wide parking lot
The spatial resolution of low  gripesare clearly visible dueto their color
earth orbiting sensors depends contragt. Source: Schowengerdt, 2002

St MIIIIIIImH

electronics. With airborne
sensors, altitude is an additional
variable influencing spatial
resolution.

Spectral Resolution — the ability to approximate titue spectral curve of an object.
As the number of sensor bands increase and thedwidths decrease, spectral
resolution becomes higher. Panchromatic senseesvexy low spectral resolution;
hyperspectral sensors have high spectral resolution

Radiometric Resolution — the ability to distingushall changes in light intensity
within a band or channel; also knowncasntitization. Digital sensors convert light
levels to numeric outputs, and the number of digii@ps ranging from complete
darkness to maximum light differs by sensor. Ba@meple, one sensor may be
sensitive to 126 different levels of light (7-bitantitization), whereas another sensor
may be sensitive to 2048 levels of light (11-biantitization).

Temporal Resolution — the frequency at which aa anay be observed, also referred
to asrevisit time. For orbital sensors, the frequency of obsermatiepends on its
orbital parameters (e.g., altitude, inclinationyagh width of an individual scene, the
latitude of the target site, and whether the seisspointable to off-nadir targets. The
temporal resolution of satellite-based sensorsflyi ranges from twice per day to
once every 16 days. Because most remote sendeilites are in near-polar orbits,
higher latitudes are observed more frequently #raas near the equator. For
airborne systems the revisit time is much moreilflexx and in the near future it may
be feasible to have continuous monitoring from haghude UAVs for months at a
time.

Electro-Optical Sensors Altarum 5



Swath Width. All sensors have technical limits to their dadtélection capacity, whether they
are satellite-based or airborne. Consequentlyy sipgtial resolution scenes generally have
narrower swath widths than scenes with low spatisblution (see Figure 5). For example, the
scene dimensions of 4-m MS Ikonos imagery are abbkim x 11 km, whereas the footprint
size of 30-m MS Landsat ETM+ data is 185 km x 1i#0 Kmage coverage may be increased by
mosaicking several

individual scenes collected  Figure 5: Relationship between Spatial Resolutionrad Swath of
over similar time periods.  Several Satellite Sensors

The swath width or footprint

of a scene collected from an WQuickBird

airborne platform varies HiKonos

greatly with the altitude of ""

the aircraft and the selection SEros o
of optics. For example, W

JPL’s AVIRIS HS sensor is FORMOSAT-2

flown in two different Spot 5

aircraft: a Twin Otter
turboprop airplane, flown at
13,000 ft. above ground
level (AGL), and a modified ae 1=
U-2 aircraft flown at 65,000
ft. AGL. The corresponding
swath widths of the two
platforms are 2.1 km and
10.6 km, respectively.
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EO Data Products. Early examinations of flm-based remote sensing dalied on human
interpretation to extract information. With thevadt of digital EO sensors, computer systems
have been used to create many useful products.e $6the more common products are:

» Data fusion — combining data from different sensoften used to merge a high
spatial resolution pan image with a lower spagabtution multispectral image to
simulate a high spatial resolution multispectrahgm (see Figure 6). This particular
process is also sometimes knowrpas-shar pening.

» Orthorectification — removal of spatial displacemehobjects within a scene
resulting from non-nadir view angles. Spatial thepment is often more severe with
imagery collected from airborne sensors as opptusetbital ones, or in locations
with substantial topographic relief. Every pointhwn an orthorectified scene
appears to be viewed from directly overhead withmrizontal displacement. The
orthorectification process requires either, a)esigrair images (i.e., two images from
different view angles with substantial overlap)pdia single image in combination
with detailed terrain elevation data and exceltgound control.

Electro-Optical Sensors Altarum <6



» Digital elevation models (DEMs) — three-dimensiosiatface models generated from
stereo-pair images in a process related to orthiboation; also a direct product of
LIDAR data.

* Image classification — extraction of land covessks based on the spectral signatures
of pixels. As was seen in Figure 3, different mats have different spectral
characteristics. Image processing programs cagregiels to specific classes (e.g.,
pavement, water, broad-leaf trees) based on tpeatsal signatures. There are two
major approaches to image classificationuraupervised classification, in which the
user only specifies the number of desired classéstee computer uses statistical
algorithms to group data based on their spectsplaieses, and Isypervised
classification, in which the user selects training siéggzriori in the imagery that have
known land cover classes, followed by the compassigning all image pixels to the
classes based on the user’s input (see Figure 7).

» Change detection -- a comparison of two imagdeeetame location, from different
times. Change detection can be used to analyzeyebaelated to urban growth,
agriculture, geologic activity, and natural res@src

Figure 6: 30-m Landsat TM data (left) Pan-sharpenedvith 5.8-m Indian IRS Pan Data
(right)
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Figure 7: A 2004 Landsat 5 TM Sub-scene near AdrigriMichigan (left) and the Derived
Supervised Classification (right) Showing Five Majo Land Cover Types
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CATEGORIES OF ELECTRO-OPTICAL SENSORS

For convenience, EO sensors may be divided interakmajor classes based on their spatial and
spectral characteristics. These groups are surpethin Table 2. Details of prominent EO
systems are given in Tables 3 - 6.

Table 2: Major Categories of EO Remote Sensing Sems

Sensor Category Typical Notable Examples General Applications
Characteristics
High Spatial Includes most -lkonos (Pan & MSJ  Urban mapping
Resolution airborne systems, -ADSA40 Detailed DEM generation
and orbital systems -DMC? Surveillance
with resolutions <5 -Raven color CCD & Planning
m. Usually Pan or IR camerd Small scale roughness
MS.
Moderate Spatial Includes many -Terra ASTER Vegetation mapping
Resolution satellite-based -Landsat 7 ETM}¥  Wetlands
Multispectral sensors. -IRS-1D LISS 3 Land cover mapping

Change detection
Plant stress
Thermal detection

Environmental Orbital MS sensors -NOAA AVHRR* Weather monitoring

Synoptic / Low that collect global -Terra MODIS Vegetation biophysics

Spatial Resolution datasets for -DMSP OLS Water monitoring
environmental Atmospheric studies
research with great Fire detection

temporal resolution.

Hyperspectral 100 to more than -Hyperiont Mineral exploration
200 spectral bands -AVIRIS? Vegetation discrimination
with very narrow  -Shadow HS imag@r Soil type
bandwidths. Water quality
Atmospheric sampling
LIDAR Laser-based -ICESat GLAS Elevation mapping
altimetry data -ALTM 3100° Small scale roughness
-BATS? Cloud physics
Atmospheric pollutants
Bathymetry

Notes: 1 = Satellite; 2 = Manned Aircraft; 3 = UAV

Electro-Optical Sensors Altarum -9
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Table 3: Satellite-based EO Sensors (NA = Not Avaible)

Spectral Bands Data orbit
» _ Revisit cost Acqisition Projected
. Agency or Civil, Commercial, Swath 0! rojecte:
satellite o Sensor i . : Interval Special o Status Launched | ' Remarks Contact
Company or Military? #Bands Spectral Range nm) | SPatial Resolution at| Width km) | ) Image* rommiast or At(km | elination Lifetime (yrs)
Nadir (m) ues (deg)
existing
High Resolution (< 5 meters)
Cartosat-1 ISRO (India) Commercial Pan 1 500 - 850 25 30 5 TBD Both 618 9.9 D::fai'l‘:;lze' 2005 5 Multiple look angles |http:/www.spaceimaging.com/
" ] ] Terminated in Declassified fim ]
Corona DoD (USA) Milltary Pan (fim) 1 visible 2-8 64 various $54- 384 Existing 106 - 508 79-823 iy 1962 -1967 NA based hitp://edcsns17.cr.usgs.gov/EathExplorer/
ased imagery
EROS A ImageSat Int. (israel)|  Commercial Pan 1 500 - 900 18 14 2-3 $980 - $2,350 Both 500 97.3 Operational 2000 4 hitp:/Aww imagesatintl.com/
ikonos 2 wsa)| ¢ i:s" 5ig - g:g 13 ~3 $850 - $2,178 Both 681 98.1 Operational 1999 7 hitp:/Awnw.spaceimaging.com/
OrbView-3 Orbimage (USA) c :;‘S" :g - ggg 8 < $420 - $830 Both 470 97.3 Operational 2003 5 hitp:/Awew.orbimage com/
o — Pan 50- 900 061 " —
Di C - 7
Quickbird 2 (USA) s 4 450500 ey 165 1-35 $4,350 Both 450 97.2 Operational 2001 >5 hitp:/Awww.digitalglobe. com/
SPOT Image " it "
SPOT5 (France) Commercial HRG (pan) 1 480-710 25-5 60 3 $3,375 - 6,750 Both 822 9.7 Operational 2002 5 hitp:/sirius htm
[Moderate Resolution (5 to 30 meters)
ALl 10 433-2,350 10-30 37 ~5 $250 Limited collection
E0-1 NASA/USGS (USA) civil Both 705 9.2 Operational 2000 1 abilty; "”'":”'y hitp: crusgs.
Hyperion 220 450- 1,250 30 7.7 ~5 $500 researcl
Scene length 185 km|
PAN 1 500-750 58 70 5 $2,500
IRS-1D ISRO (India) ¢ Both 736.- 825 9.6 Operational 1997 3 hitp:/Awww.spaceimaging.com/
Liss3 4 520- 1700 235-705 142-148 2 $2,500
Functioning with
limited capabilties;
" " " free archive data y
Landsat 5 USGS (USA) civil ™ 7 450 - 12,500 30-120 185 16 25 Existing 705 98.2 Operational 1984 5 ovailable hitp://edcsns17.cr.usgs.gov/EahExplorer/
2nd & 3rd scenes
SLC problem since
" . - May 2003; free
andsat 7 USGS (USA) civil ETM+ 8 450 - 12,500 15-60 185 16 $250 - $300 Existing 705 9.2 Unhealtny 1999 5 e ve dete 17.crusg
available
Liss3 4 520- 1,700 25 142 2 $2,750
[Resourcesat-1 ISRO (India) c Both 817 9.7 Operational 2003 5 hitp:/fww.spaceimaging.com/
Liss4 3 520-860 58 23.9-70.3 5 $2,750
SPOT Image ! ! W ’
SPOT 5 (France) Commercial HRG (MS) 4 500- 1,750 10-20 60 3 $3,375 - $6,750 Both 822 98.7 Operational 2002 5 http://siriu htm
Limited collection
Terra ERSDAC (Japan) civil ASTER 14 520-11,650 15-90 60 8-16 $0- $80 Both 705 9.2 Operational 1999 6 ability; primarily ~ [hitps cr.usgs.
research

* Prices may not include otthorectification, precision accuracy, data fusion, or special acquisttion charges
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Table 4: EO Sensors on Manned Aircraft (NA = Not Awailable)

Spectral Bands

FOV (degrees)

Contact

Airbome System Organization Sensor Type Array Size Spatial Resolution at Remarks
#Bands | Spectral Range (nm) 500" AGL im) cross Track Along Track
Pan/Multispectral
AA497 Alrborne Digital Camera Argon ST (USA) MS 2,020 % 2,041 5 420- 772 043 a7 a7 US;:;;?AT%AZM ity My argonst.c om/
) i ] Pan 12,000% 2 1 465 - 680 ]
40540 airbarne Digital Sensar Leica (LUSA) iR B4 HA, hitpr /gl 5 leica-geosystems com/products/ads40idefault asp
M3 12,000% 4 4 430 - 885
350- 1.100 Can be flown at
aircam Kestral Corp. (USA) MS NA 4(5) : 15 51 51 4570m  |nttpswww kestrelcorp comy
(1,700 - 5,000)
unpressurized
Can be flown at
CAMIS 4768p Flight Landata, Inc. (USA) MS 782 ¥ 582 4 410 - 840 0.082 438 334 3050m  |hitpaflightiandata. dyndns orgiproducts
unpressurized
DIMAC DIMACSYSTEMS (Belgium) M3 5400 % 4,080 4 VisiR 0.09-039 362- 764 275-629 it /Avwr dimacaystems.cam/
Pan 7,000 % 4,000 1 NA Can be flown at
oMC Intergraph (USA) 018 693 42 BOOOMm  |httpciwww intergraph comidmcs
MS 3,000 x 2,000 5 400- 850 unpressurized
" Can be flown at N
PES Applanb (Canada) Colar, CIR 4092 % 4,077 4 400 - 920 0.25-0.39 37 0r554 7or554 e It swe applanb com/
Fan 71,500 % 7,500 [ A CREECRE 55 a7
Ultracam-D wescel (USA) v A008 % 2672 ] e 045 = e hittpr i vexcel com/productsiphotogram/ulracamy/
Hyperspectral
£I54 Eagle SPECIM (Finland) HS 1000 244 400- 1000 11 397 299 http: #wwr specim fi
AVIRIS JPL(USA) HS 614 224 400- 2,500 36817 an NA Primarily research |ntp: #aviris Jl.nasa oo/
Bands are
. programmatle;
CAS| 550 ITRES Research Limited HS 550 288 400- 1,000 2 ana 0.077 £an be flown at |Rttpchwwy itres com/
(Canaca)
3,048 m
unpressunzed
HOHIS Flight Landata, Inc. (USA) HE 752 240 447 - 906 11x24 35 NA hitp:#flightiandata dyndns.arg/
) 450- 2,500
HyMap 'megrafiﬁgﬁ;mms HS ~520 100 - 200 3,000 - 5,000 15-45 30- 65 NA Canfgulnx” bt www intspec. com/
L J £,000- 12,000 ‘
HyperSpecTIR SpecTIR (USA) HS 1024 227 450 - 2,450 1.5 ~60 MNA http: i spectir.com/
SASI 600 ITRES Tg;izg; Limitedt HS 500 160 950 - 2,450 1.7 40 NA ity v itres .comy

*at 13,000'and 65,000' respectively
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Table 5: UAVs With EO Sensors (NA = Not Available

dev elopment

Endurance Altitude  |Cruise Speed . .
UAV System Manufacturer Sensors {hrs) Max. Payload (kg) Energy Source Capability () (kph) Range (km) | First Flight Remarks Contact
Micro/Mini UAVs
Black Widow Aerovironment (USA) CMOSvideo camera (B&W Color) 0.5 ~0.006 Battery 769 45 1.6 1999 http: v, aerovironment.com/
Buorder Hawk | Arnerican Border Patrol ﬁ’é‘m video; 4 A Gasaline (7) 00 A =52 ~2003 Border patrol hittp: o, arnericanborderpatrol. corm/
carnera applications
Dasert Hawk Lockhesd Martin (US4) 3 video cameras, 1 0s Batt 180 ) 11 sopy  |Cnboardtape andlo Ly lockheadmartin com
EEL] W nckhee artin IR camera attery video slream\ng poAMante IDCKNEROMEArtIN . COrm
Jaw elin BAl Azrosystemns, Inc. (USA) Steerable TV camera 2-4 27 Gasoline or battery 3,000 B4 g A hittp: e, bai.aerofexdrone.html
Painter Aeroviranment (USA) Calor or IR wideo 158 0.9 Battery A 29-80 10 1986 Man portable hitp:dwane. aeraviranment.com/
Raven Aerovironment (USA) CCI% CCDLOHLZ;:QD‘ 15 1 Battery 15000 45-95 10 2001 Back packable hittp: v, aeravironment.coms
Close/Short Range UAVs
Exdrone Bl Asrosystems, Inc. (USA) SONY BV Electronically-Stabilized Tv, 25 11 Gasoline 10000 144 120360 1985 htto: e, bl aerofexdrone il
Indigo "Omega" IR

MKD-200A TV,
Pionesr Pioneer UAY, Inc. (L SAlsrasl) MKD-400C FLIR; 55 45 AVGAS 15000 147 185 1985 hittp: s puay. comdntro.asp

12D5 EOFLIR
Shad A8l Comp. (USA Advance EGIR, 35 7 AVGAS 15000 129 5 ~2000 bty o, shaddowt /

adow arp. [ ) Hyperspectral Imager f: Awna, shad ot uav. corm,
Medium Altitude Long Endurance UAVs
- Olyrnpus still camera;

Aerosonde '?:&;ﬁgﬂ:)e Rabotie Aircraft Ltd Yideo cameras; 40 1 Gasoline 20000 112 3330 1997 http:dvwwwe. aerosonde. com/

KT111R sensar
|-Gnat General Atomics (US4) Streaming TV, 4 a1 AVGAS 25000 193 2760 ~1008 it . i comé

Lowe-light T
Hermes 450 Silver Arrow (lsrael) CoMPASS 1V FLIR and colarBwW Ty 17 150 Gasoline (?) 2000 130 2200 (est) | before 1999 Ezrsli’aﬁn’g‘ hittp: v, elbitsysterns. com/
Hunter I Northrop Grumman (US4) ScanEagle 415 (EOAR) 29 455 Heavy fuel 28 700 130 992 2004 E?erdhecra:?nr: hittp: fwwew i northropgrumman com’
Pradator General Atomics (US4 Colar viden 1 204 AVGAS 25000 134 740 1985 L”"hgia”‘;':;a’y [ p—
High Altitute Long Endurance UAVS
Altus I General Atormics (USA) Wide angle Tv, 24 145 Gasaline 65000 130 735 1996 Used to detect | . av.com/
Digital multispectral sensor fires
Electro-optical (400 - 800 nrn); g " .
Global Hawk Morthrop Grurnman (USA) nfrared (3.5 - 5 microne) 3 909 Heavy fuel (JP-8) 65000 633 22200 1998 Has 10" telescope | http: A, is.northropgrumman.cormd
Global Observer Aerovironment (USA) TBD =168 455 Liguid hydrogen 65000 A lobal 2005 Under hitp:dfevaer. aeraviranment.comy
4 yareg g (prototype) dev elopment i -

Hale Mercator QinetiQ (UK TED months 2 Solar cells 50,000 [N limitless (2005} Under hittp: A, ginetiq.comd
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A description of each of the major groups of sesfoltows.

High Spatial Resolution

These systems offer spatial resolutions of less five meters, and frequently less than one
meter (Figure 8). This group includes several cenunal satellites, such as lkonos 2, Quickbird
2, OrbView-3, and Cartosat-1, and virtually allbmrme systems (manned and UAV). This
group also includes some declassified intelligasata from the 1960s, which can be useful for
historical analyses.

Sensors in this group may be panchromaticigure 8: Comerica Park in Detroit, Michigan
or multispectral, though usually limited to from Ikonos 2. Source: aaacel magmg
blue, green, red, and NIR. Airborne

systems can capture scenes with spatial =~ # ~ I ity Ny

resolutions of less than 10 cm. Pan sensol
on satellite platforms generally have about
four times better spatial resolution than
their MS counterparts. Swath widths are [ <&
generally 10 to 30 km for orbital platforms G 2
and about one kilometer for airborne 1
systems. Orbital platforms usually have _
pointable sensors that can acquire off-nadi™*
targets, thus shortening the revisit cycle, =
otherwise the revisit time would be on the &
order of weeks.

High spatial resolution data may be used to perfor@cise mapping tasks for urban areas, to
create detailed DEM data, to conduct surveillanog, to assist with city planning. Such
imagery is relatively expensive (per Rnas compared to moderate or low spatial resoludata.

Moderate Spatial Resolution Multispectral

This category includes the earliest civilian sé@lbased remote sensing systems, providing
spatial resolutions between five and 30 metersneSexamples from this group of include
Landsat 5 TM, Landsat 7 ETM+, Terra ASTER, and Resgsat-1.

Moderate spatial resolution multispectral imagegerawvath widths between 24 and 185 km,
yielding scenes many times larger than the higtiapasolution sensors. Imagery is also lower
cost (per k), and sometimes available at no cost.

The spectral bands often extend into SWIR and TéRelengths, giving the user more tools for
distinguishing materials and temperature. Thesterys are particularly well suited for land
cover mapping, studying plant stress, long-terrmgkaletection, and geologic studies.

Low Resolution/Environmental Synoptic

Environmental synoptic sensors are similar to makgeresolution multispectral instruments, but
have much coarser spatial resolution (56 to >1r@pa@nd much wider swaths, up to 3,000 km.
Because of their broad swaths, these instrumentstha highest temporal frequency, being able
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to image the entire earth within two days or leSeme notable systems include NOAA-
AVHRR, Terra/Aqua MODIS, and the military's DMSP Slsensors.

These systems are used extensively for scienéifiearch or environmental monitoring on a
global basis, including meteorological conditiomsgetation biophysics, ocean phenomena,
atmospheric conditions, and fires.

A new generation of satellites, called the NPPHROESS missions, will have VIIRS sensors
that will replace AVHRR, MODIS, and OLS. Thesetsyss are scheduled to launch from 2008
to 2010.

Hyperspectral

Hyperspectral sensors can approximate spectraésuwisurface materials much more precisely
than broader multispectral bands. Each band isafdw nanometers wide in contrast to
multispectral bands, which are typically 50 to salbundred nanometers in bandwidth.

To date, most hyperspectral sensors have beemrdirtotmanned aircraft platforms, with
AVIRIS being the best known. Other airborne HSsees include AISA Eagle, CASI 550,
HyMap, HyperSpecTIR, and SASI 600. The Hyperiomsse onboard the EO-1 satellite has
proven the feasibility of collecting hyperspeculata from orbit. At least one UAV, the
Shadow, utilizes a hyperspectral sensor withisuige of instruments.

The detailed spectral data obtained from hypersplestnsors allows users to discriminate
surface materials that are indistinguishable intispgctral data. Thus, they are robust tools for
identifying minerals, building materials,

vegetation, soil properties, and water  Figure 9: A High Spatial Resolution Pan

quality. Though hyperspectral research Image Draped Partially over a LIDAR-

has largely been in the scientific domain, derived 3-D Surface (in false color).Source:
it is likely that such data will find greater Merrlck

uses for civil and commercial
applications in the near future.

LIDAR

As with hyperspectral sensors, most
LIDAR systems are operated from ol
manned aircraft. Their primary use has Biies
been for capturing detailed altimetry
data, however they are also capable of J.:,
collecting data on atmospheric
pollutants, cloud phenomena, and
bathymetry. Users have embraced this
technology for topographic mapping of
urban areas (Figure 9).

LIDAR systems have been tested on several earthirgiplatforms. In 1994 experiments were
conducted on space shuttle flight STS-64 to measmnespheric parameters with LIDAR. The
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ICESat GLAS sensor, launched in 2003, was thelfiBAR instrument for continuous global
observations of the earth. ICESat GLAS providesgpaphic data for ice-sheets and the height
and thickness of cloud layers. A LIDAR instrumenboard the Calipso satellite, scheduled for
launch in late-2005, will also provide data on cd@nd aerosol physics. LIDAR systems are
also under development for UAV platforms, which Icoprovide near-real time data in
hazardous conditions.

Thermal

Many EO sensors, such as Landsat TM and ETM+, ASTEBDIS, AVHRR, DMSP OLS,
and HyMap, have bands that are sensitive to thenfrared radiation emitted from surfaces.
These bands can approximate surface temperatuwles@mniseful for determining water
characteristics and identifying wetlands. Hightgpaesolution data from an airborne thermal
infrared sensor (e.g., HyMap) could be used togperfcar counts.
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TRANSPORTATION APPLICATIONS

There are many transportation issues that candeessfully addressed with remote sensing
technologies in a cost-effective manner. Thesasané support include asset management,
environmental data, inter- and multi-modal tranggteon, HAZMAT shipments, traffic safety
and congestion, border crossing, homeland secanty,ntelligent transportation systems /
operations. A matrix describing how each of thgameategories of EO sensors can potentially
contribute to solving transportation requiremeastgiven in Table 7. Table 7 will be updated
using results from the focus groups.

Asset Management

Asset management is one of the core responsibilifie¢ransportation departments. High spatial
resolution imagery from satellites or manned ainessensors can support detailed infrastructure
mapping and accurate geolocation, especially whgmanted with GPS. These data can also
be used to identify roadside features and invergtinctures along the right-of-way.
Hyperspectral data from airborne platforms may $eduto distinguish paving materials and
conditions. Airborne LIDAR can provide accurat®3naformation for support of mapping
activities and can generate topographic data fojept planning. Moderate spatial resolution
multispectral data from satellites can allow therus quantify green space along transportation
corridors and to study land cover changes on anadjscale due to development.

Worker safety is a major concern for crews who necodiect asset data on site in busy
transportation corridors. The use of remote sgnsould reduce the need for putting
transportation work crews at risk.

Environmental Data

Environmental assessments are a requirement asfghe planning and design process of major
transportation projects. Traditionally, these deee been obtained by ground surveys and the
literature. Remote sensing has a long historyeaidused to map natural resources and land
cover at various scales, and is being used moreni@gronmental reports. At a minimum, high
spatial resolution scenes can provide accuraterbnaps for project planning and development.
Multispectral and hyperspectral images can proditailed land cover information for proposed
projects. Currently, jurisdictional wetlands, mbstsurveyed from the ground, however with
thermal infrared data and advances in sensor déapithis survey process may be augmented
or eventually replaced by remote sensing approacRemote sensing surveys could also
identify candidate areas for the construction af meetlands as part of a mitigation effort.

Airborne LIDAR can provide topographic data for gommental planning and contribute to 3-D
visualizations, which give planners and concernggens a chance to preview the
environmental impacts of transportation project®tmebreaking ground. Differential absorption
LIDAR (DIAL) systems, such as ABDIAL, have the cagay of detecting atmospheric
pollutants that may originate from transportatigstems.
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Table 7: Potential Utility of EO Systems for MDOT Application Areas (NA = Not Applicable)

Inter- & Multi-

plication Asset Manage- | Environmental HAZMAT Traffic Safety Border Homeland ITS/
Modal . . . . .
ment Data Needs . Shipments & Congestion Crossing Security Operations
EO Type Transportation
Traffic patterns,
Infrastructure Port and shipping study Of. ' . Traffic
High Spatial mapping & octivities problematic Traffic Surveillance impedance &
Resolution geolocation, Detailed corridor | infrastructure and | UAV real time areas, apmdent | gueues. from airborne modeling,
- . . o . S detection & infrastructure sensors .
(satellite, UAV, infrastructure mapping, base facility mapping, monitoring of I . . . o congestion
. . . verification, inspection, intelligence, :
manned mnspection, maps asset assessment, incidents . . . detection, travel
. ; e infrastructure parking disaster . )
aircraft) roadside features, utilization : time, parking
) . failure, fog, demand assessment
inventories assessment avalanches demand
floods
Suport of BA Environmen-
Moderate pliocess Water quali tally sensitive Evacuation
Spatial Green space, land lapn d cov:ar comi dorqs 0 d?c{’s areas, route Alternate route Border route planning, Corridor
Resoll.ltlon MS cover change classification, ATV impacts plan{ur_lg, planning mapping c}lsasi_:er modeling
(satellite) wetlands p?:f‘:?qt?atrfn planning
Environmental D . onal Weather Atmospheri
Synoptic NA yRamic reglond Water quality conditions in NA NA 10SpACTIC NA
. changes : dispersal
(satellite) near real-time
Hyperspectral . . Precise land . . Precise land
Paving material cover Chemical spill
{manned o . NA . NA cover NA NA
. f & condition classification, detection classification
areraft) wetlands
Airport glide
LIDAR Topography data DEM al_'lalys1s, paths, Afr pollution, Infrastructure Vehicle speed,
for planning, 3-D project topography, Slope data for Infrastructure : "
(manned . LB . fog, avalanches, . mapping, flood communication
. mapping of visualization, air | bathymetry, 3-D runoff models Hood risk mapping modelin sites
aircratt) structures pollution airport layout ooc s &
plans
Thermal NA Water parameters NA High Car counts NA NA Car counts
Wetlands temperatures




Environmental synoptic sensors, which usually re¥equent revisit period, are a low-cost
approach for monitoring dynamic environmental cleangver large regions.

Inter- and Multi-Modal Transportation

Inter- and multi-modal transportation systems idelwater, rail, and air transport, as well as
recreational access, such as bicycle paths andtfailg. As with asset management high
spatial resolution data can be used to generasdetbbase maps with precise geolocation
information. High altitude long endurance (HALEAVs could provide continuous monitoring
of port activities, although there are considerabdtdnical and safety issues to overcome before
such systems will be available. Multispectral gpodrspectral systems can map corridors for
scenic bike paths, detect negative impacts of ABvis, monitor water quality near seaports.

LIDAR has been used to model 3-D structures arairnmbrts and to monitor plant growth
within the glide paths of approaching aircraft. pdgraphic and bathymetric information can be
obtained from LIDAR for planning new transportati@gilities.

HAZMAT Shipments

HAZMAT issues may be divided into two phases: plagrand emergency response. For
planning, multispectral data can be used to map@mwentally sensitive areas and population
centers along HAZMAT corridors. Such data can alsased as part of the HAZMAT route
planning process. LIDAR-derived topographic data be used to generate accurate maps of
slopes and drainages.

During an incident, there is a strong need for meakrtime data in potentially dangerous
situations. Short duration low flying UAVs are a@latforms for obtaining high spatial
resolution data in real time without jeopardizingriter safety. Environmental synoptic
satellites can provide weather data in near resd,tivhich can be input into dispersion models.
Thermal infrared data can identify areas with higgrmal signatures.

Traffic Safety and Congestion

Maintaining traffic safety and monitoring traffioiggestion are major transportation issues. As
with HAZMAT applications, remote sensing can cdmite to long-term planning related
activities or provide more immediate needs duripgnganeous events. High spatial resolution
data from satellites or airborne platforms can leglgineers discern consistent problematic areas
and design safe solutions for improving traffiodloLIDAR can be used to detect atmospheric
pollutants that correlate with predictable traffetterns. Thermal infrared data collected from
airborne platforms can provide estimates of cantu

Remote sensing can be extremely beneficial dunmgsual disruptions in traffic. Data from
airborne platforms, such as the HALE UAV systemdarrdevelopment, could detect and verify
accidents and identify alternative routes in remét These high spatial resolution sensors and
LIDAR can also detect dynamic transportation riskgsh as fog, avalanches, and flooding.

Border Crossing
Managing international border crossings in Michigambines elements of asset management,
environmental concerns, traffic congestion, interdal transportation, and security. Michigan’s
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border crossings are some of the busiest in the Bi$percent of the U.S. gross national
product (GNP) passes through the Michigan-Canadaeboaln rail traffic alone, rail crossings at
Port Huron and Detroit rank number two and threthenation for economic trade. Maintaining
efficient, yet secure, border crossings is esseatidne economies of Michigan and Canada.

Remote sensing can provide information for exangimristing border infrastructure and for
planning and developing transportation improvemehigh spatial resolution data can be used
for inspecting infrastructure and for monitoringlkag demand. If collected in near real time
mode, such data can detect anomalous behaviortondraffic queues, and predict crossing
times. LIDAR can produce 3-D renditions of trangation infrastructure and produce
topographic or bathymetric maps for project plagniModerate spatial resolution multispectral
and hyperspectral sensors can provide land cof@mation for extensive border corridors.

Homeland Security

Homeland security is a prominent issue -- not d@gause of the threat of terrorism, but also for
response to natural catastrophes. Remote seraingrovide information that is useful for
advance preparation and for emergency responggh dpiatial resolution can be a source of
intelligence and a tool for scenario developmévitderate spatial resolution data can assist with
disaster planning and the identification of effeetevacuation routes when combined with other
regional datasets. Topographic information frorb@ine LIDAR sources can be used for flood
modeling scenarios.

Several UAVSs, including the
Hermes 450 and the Border Hawk, Figure 10: Border Hawk (inset), a Low-flying
have demonstrated their ability to  Mini-UAV, Observes Vehicles and People near
detect in real time illegal aliens the U.S.-Mexico Border. Source: American
crossing from Mexico into Arizona Border Patrol

(Figure 10). When equipped with
IR sensors UAVs can even be b
effective at detecting activity at o
night. Plans are underway to el
expand the surveillance program by i
introducing the Hunter II.

During a security crisis the
appropriate sensors can be utilized
to gather information rapidly from a ==
safe distance. The ability to share .
geospatial data among diverse
agencies at various government -
levels is crucial to a timely response. A formlkmd:hallenge is being able to provide continuous
monitoring of dynamic events in order to providereat information to first responders. High
spatial resolution imagery can be collected frorh@ne instruments in near real time to assess
emergency situations and adjust evacuation plairkorne LIDAR can provide rapid
assessments of damaged infrastructure. Environirgmtaptic sensors can provide atmospheric
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data that can be used in dispersal models. A cleglenge is being able to provide continuous
monitoring of dynamic events in order to providereat information to first responders.

Intelligent Transportation Systems / Operations

Adding more roadway miles has not necessarily Ileemost effective solution to alleviating
increasing traffic pressure. Thus, intelligenhgportation systems (ITS) have emerged as an
alternative approach to maximizing transportatiesources. High spatial resolution
observations of traffic flow, congestion, travehés, parking demand, and route utilization can
be input into transportation models. This inforimatcan provide feedback to drivers via traffic
signs or by wireless means. Moderate spatial uésol multispectral data can be used to
investigate proposed mass transit corridors (kgpt, rail). Topographic data from airborne
LIDAR can be used for siting communication towensIDAR also has the capability to monitor
vehicle speeds for transportation network modEglstimates of car counts can be obtained from
high spatial resolution thermal data gathered faiinorne systems, such as HyMap.
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FUTURE CAPABILITIES

Within the next few years there will be severalahes in remote sensing systems that will
provide transportation experts with greater resegircThese systems will offer improvements in
spatial, spectral, and temporal resolutions. By720ew satellites, such Orbview-5 and
WorldView, will offer panchromatic imagery with sji resolutions of 50 cm or better and
multispectral imagery between 1.6 and 1.8 m GSb w to eight spectral bands. These spatial
resolutions are in the realm of those obtaineditpoene systems.

The experimental Hyperion sensor has demonstrageteasibility of collecting detailed spectral
data from orbit at reasonable spatial resolutiofise Italian Space Agency will soon launch
HypSEO, a new hyperspectral sensor that will dtfeum spatial resolution over a 20-km swath.
In future years, ultraspectral sensors may be dpeélto give even greater spectral data than is
currently possible with today’s advanced hyperspésensors.

Progress is being made in the automatic featura&iin of roads from imagery, which will
speed the conversion of raster data into a moifellsemat for mapping and network analysis.
This task could be made more effective by mixingvacost chemical into pavement materials
that would have a characteristic spectral signatbervable by multispectral or hyperspectral
Sensors.

One of the greatest breakthroughs for transportationitoring would be the availability of

continuous high spatial resolution real time Figure 11: The Global Observer is a

data. While this is currently achievable on ya| E UAV, which Will Be Able to Fly
the battlefield for 24 to 35 hours, flying such 4 65,000’ for More Than a Week.

UAVs in civilian airspace is currently Source: AeroVironment, Inc.
prohibited by the FAA due to the risk of air
collisions and to safety concerns. The
development of lightweight HALE UAVs
(Figure 11), which will fly above
commercial air traffic and much of the
weather, may offer a real solution for
monitoring metropolitan areas and for
providing uninterruptible communication.
Essentially these platforms will operate like
low earth satellites, but could be “parked”
over a fixed area for weeks or months. In
the event of an emergency they could be
moved to a new location to assist with
response.

Regardless of the technical innovations that are &uoccur, the baseline of remote sensing data
grows longer each year, enhancing the potentiatfange analyses associated with
transportation development. Multispectral datanfraommercial satellites extend back to 1972
with the launch of Landsat 1. Declassified highatsd resolution images are available from the
1960s, and aerial photography was collected foerséwdecades prior to that time frame. The
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historical record may be important for the underdtag of modern problems in traffic
congestion, asset management, and threats fromahefastrophes.
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CONCLUSIONS

Remote sensing technologies have matured greailygdine last three decades. Major
improvements include the transition from film tgital sensors, increased spectral coverage and
resolution, the availability of high spatial residdim data from commercial satellites, LIDAR,

and robust computer processing systems. RelathneslyUAV platforms have proved their

value in military applications and may soon be usetlvilian situations, such as demonstrated
recently with border monitoring in the southwesters. Short duration UAVs that fly below
controlled airspace could be deployed in the ewéatlocalized emergency, such as a HAZMAT
spill, to provide real time video to first responsle

Significant technical obstacles remain in the aiten and processing of remote sensing data for
transportation applications. Transportation agpions frequently demand spatial resolution and
accuracy that are at the very limits of currentssertechnologies. Some of the most important
transportation problems, such as emergency sitgtteaffic congestion, and security need
continuous monitoring with high spatial resoluti@sources. Not only is this expensive, but it
creates a very severe data handling problem terifig out important information efficiently

and timely. A robust remote sensing-based momigosystem could easily generate terabytes or
pentabytes of data to process and store — a dguask even with today’s computer resources.

Other considerations for EO sensors include clawec which poses an observational problem
for platforms that fly above the weather, and gEhhical expertise needed to analyze the
imagery. Given the wide range of remote sensing slaurces and sophisticated processing
technologies, experts are frequently needed t@eixtine most information from the data.

Nevertheless, the potential of remote sensingdwige transportation departments with current
geospatial information, often in a cost-effectivarmer, deserves careful consideration. Many
planning and engineering activities engaged byspartation officials can benefit from basic
remote sensing data. The value of remote sensfagnation is maximized when it is combined
with other information technologies, such as GI8S3wireless communications, and existing
ITS technologies.
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APPENDIX A: Acronyms and Abbreviations

AGL
ATV
DEM
DIAL
EA
EM
ETM+
EO
FAA
FLIR
GIS
GPS
GSD
HALE
HAZMAT
HS

IR
ITS
LIDAR
MALE
MIR
MS
NIR
nm
Pan
SWIR
TIR
™
UAV
pm

Above ground level

All-terrain vehicle

Digital elevation model
Differential absorption LIDAR
Environmental assessment
Electromagnetic

Enhanced Thematic Mapper
Electro-optical

Federal Aviation Administration
Forward-looking infrared
Geographic information systems
Global positioning systems
Ground space distance

High altitude long endurance
Hazardous materials
Hyperspectral

Infrared radiation

Intelligent transportation systems
Light detection and ranging
Medium altitude long endurance
Midwave infrared

Multispectral

Near infrared radiation
Nanometer (=0.000000001 meter)
Panchromatic

Shortwave infrared radiation
Thermal infrared radiation
Thematic Mapper

Unmanned aerial vehicle

Micron (=0.000001 meter or 1,000 nm)
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